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The weathering and erosion of weak rocks along roadways can cause dangerous and potentially 
fatal rockfalls.   Various slope stabilization methods exist, but each presents a set of challenges 
and trade-offs.   The focus of the project is to understand the feasibility of utilizing of a polymer-
based slope stabilization technique.  Rock samples were collected along US Route 33 in Virginia 
and West Virginia, and preliminary tests were conducted to evaluate the absorption of water (% 
mass) and durability. The study evaluates three polymer options in regard to the following 
criteria: adhesion to rock, layer thickness, semi-permeability, insolubility, and non-toxicity. The 
polymer selection process yielded that a water-based polyurethane would present the benefits of 
creating a waterproof and lightweight coating when applied to the rock analyzed as part of this 
study. Polymer coated rock samples were tested in same manner as the uncoated rock samples 
from the preliminary tests; where the results indicate a slight decrease in water absorption and an 
increase in erosion durability.   Intended future work will investigate the impact of application 







Weathering and Undercutting 
The construction of roads in mountainous regions often involves the creation of artificial slopes.  
This process alters the natural slope angles, leading to possible roadside hazards.  Slope failures 
are especially prevalent in the Appalachian region of the Eastern United States. Among the 
different types of cut slope failures affecting the Appalachian region, undercutting-induced rock 
falls are among the most problematic.  Rapid weathering and the subsequent erosion of weak 
rock layers cause these failures.  Undercutting is a process by which weak layers of shale erode 
away, exposing large overhanging blocks of stronger rocks such as limestone and sandstone. 
Exposed blocks of stronger rock can end up as rock falls along highways, presenting a hazard to 
motorists and damage to the roadway [1]. Lanes and sometimes the entire roadway must be shut 
down in order to clear the rock hazard.  An example of an undercutting-induced rock fall is 
shown below in Figure 1. 
 
Figure 1: Diagram of undercutting-induced rockfall (left); example of rockfall, showing weak 
and strong rock layers (right) 
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Existing Slope Stabilization Techniques 
At present, there are various existing slope stabilization technologies. First, slopes can be 
designed with benches to separate the undercut layer and weak underlying layer to slow the 
undercutting process. This method requires additional excavation and hauling away of material 
[5]. Another method is shotcrete, a spray-on concrete layer applied to the weak undercutting 
layer. However shotcrete adds a heavy layer (25-300lb/ft2; depending on thickness), which may 
itself get undercut over time and fail. Shotcrete also presents drainage issues, as it dams seepage 
from slopes [5]. Finally, the undercut unit can be stabilized with rock bolts that anchor rock 
blocks to the slope. Rock bolts generally work if the joint spacing is wide enough (3-6ft). Closely 
joined rocks require too many bolts, making the process impossible [5]. The Appalachian region 
could benefit from a different method of undercutting prevention and slope stabilization.  
Polyurethane Coating 
In the development of a new slope stabilization technique, the feasibility of a thin polymer 
coating on weak undercutting rocks will be assessed.  Polymers are capable of displaying a wide 
range of mechanical, chemical, and thermal properties [4].  Desirable properties for such an 
application include insolubility in water, semi-permeability (allow moisture to escape from rock 
structure), and non-toxicity.  Polyurethanes are usually thermosetting polymers, meaning they 
will not melt again when reheated [4].  Polyurethane foam liners have been used as a 
stabilization technique in mines and tunnels internationally [12].  The performance of these thin 
spray liners (TSLs) has been compared to shotcrete, a previously mentioned existing slope 
stabilization method.  This analysis was done to assess the relative strength and flexibility of a 
polymer coating. [9,10] A clear difference in strength has not been empirically determined, but 
polymer liners weigh significantly less per ft2 and have greater estimated ductility and tensile 
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strength than shotcrete [10].  These numbers are shown below in Table 1, and indicate greater 
flexibility and pull-apart strength for polyurethane TSLs. 
 









Shotcrete 6.9 0 45-602 
Polyurethane 18.5 125 10 sec 
1 Strength in 28 days 
2 Initial set time 
 
Figure 2 below shows the typical application process for most TSLs in a mining environment.  
With the right equipment, polyurethane coatings with the desired properties could be used to 
stabilize slopes along highways.  It is important to note that while this specific polyurethane liner 
requires a spray system, there are coating options in which a dip or brush coating application 
process is appropriate (Appendix A.)  
 
Figure 2: Application of thin polyurethane layer to rock 
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Self- Polymerized Dopamine Thin Film 
As previously stated polymers can take many forms and display a wide range of properties. 
Dopamine is a commonly known neurotransmitter, but it is also a key component of the sea 
mussel fibers used to attach sea mussels to virtually any surface or material [16,18]. 
 
 
Figure 3: Mussels attached to rock (left) and teflon (right): 
http://www.sciencedaily.com/releases/2007/10/071018142509.htm 
 
Under alkaline conditions, dopamine solutions can self-polymerize to form thin films on various 
surfaces [8,18].  Dopamine/ polydopamine films have proven to have promising adhesive 
qualities, and have the ability to support a range of secondary treatment processes [15].  The 
process by which dopamine films are formed and applied is shown on the next page, Figure 4.  
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Figure 4: Dopamine self-polymerizes in pH 8.5 and coats surface, this surface is then a reactive 
platform for a wide range of applications [15] 
 
Research focused on the material properties of dopamine thin films is limited.  However, 
dopamine coatings are known to be insoluble in water and its adhesive qualities prove extremely 
effective in wet environments [15,17,18] This suggests that a dopamine coating may prove 
effective in weathering prevention.   
Thermoplastic Polyolefin Coating 
Another polymeric coating typically exposed to aqueous conditions are thermoplastic 
polyolefins, commonly used in pool coatings [11].  Looking closer, polyolefin coatings are 
composed of both a thermoplastic polymer, and a resin to enhance performance and flexibility.  
They display excellent adhesive properties to metal and concrete, and have excellent wear and 
UV resistance [11].  These characteristics make Polyolefin coatings a decent candidate for 
weathering and erosion protection of rocks.  However these coatings require a thermal spray 
application technique, shown below in Figure 5.  This method may not be possible to replicate in 




Figure 5: High-output polymer thermal spray application equipment for polyolefin coating [11] 
 
Polymer Evaluation and Discussion 
Each of the polymers discussed in the sections above present unique tradeoffs.  Table 2 on the 
next page is a summary of the project criteria and how each polymer qualifies.  The data in this 
table will be used to select an appropriate polymer for feasibility testing in a laboratory 
environment.  A specific product example of each polymer was selected for the completion of 
the table (listed below), and data sheets for each product are included in Appendix A of this 
document.   
● Polyurethane: WATERBASED ACROLON 100, Sherwin Williams 
● Self-Polymerized Dopamine: Dopamine Hydrochloride, Sigma Aldrich 
● Thermoplastic polyolefin: ResoCoat 301 Concrete and Fiberglass Pool and Spa Surface 
Coating, Resodyn Corporation 
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Table 2: Ranking and evaluation of polymer coating concepts 

















































Y 0 Moderate Y N 251-381 N ✔** 
* "Low VOC" limit set by EPA Standard: 250g/L 
** Given lab availability of thermal spray coater 
 
The criteria in Table 2 were developed from project requirements and the material property 
values provided for each product.  For most coatings, the level of Volatile Organic Compounds 
(VOCs) per liter is a good indicator of toxicity.  VOCs are harmful and can cause long-term 
health effects in humans and can impact the environment [14].  Therefore, minimizing VOCs 
released during application is an important selection factor.  The thickness of the coating is 
important to ensure that the slope is stabilized as a result of application.  A coating too thin may 
not adequately protect the rock from weathering over time.     
 
The polyurethane coating was determined to be most feasible due to the suitability of dip coating 
as a laboratory application method and its low cost relative to dopamine.  The inherent issues 
with the other polymer options and justification for their elimination are discussed below.  
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Elimination of Polymer Options 
Self-Polymerized Dopamine 
● Dopamine polymerizes to form an extremely thin film.  This film is only 10-15 nm thick, 
and would not be significant enough to stabilize the slope. 
● Dopamine hydrochloride is a neurotransmitter, and is extremely expensive.  As of March 
2015, 100g of Dopamine hydrochloride costs ~$320.00.  Although its adhesive properties 
are significant, the cost is too high to conduct a laboratory feasibility study. 
Thermoplastic Polyolefin 
● As shown in the feasibility column of Table 2, the thermoplastic polyolefin is labeled 
conditionally feasible.  For application in a laboratory setting, high-output polymer 
thermal spray equipment would be necessary for application of the polyolefin coating.  
The use of specific equipment does not allow for the modification of the polymer being 
applied.   
Permeability of Polymer Coating 
One of the main requirements for the polymer coating is permeability to liquid water. Water 
naturally infiltrates through and seeps out of rock layers.  The application of shotcrete involves 
the installation of drainage holes to avoid water pressure buildup.  This pressure buildup occurs 
when water becomes trapped in rock structures due to natural infiltration and the location of the 
water table.  The pore size necessary for liquid water flow will depend on the level of pressure 
buildup in the rock structure.  This issue must be taken into account in the development of a 
polymer solution as well.  With the selection of polyurethane for the first feasibility test, two 
concepts to create a permeable layer were researched and evaluated.  The first concept involves 
the creation of polyurethane foam.   
 
 13 
Foams can be created either mechanically by agitation or mixing, or chemically by adding a 
surfactant solution [7].  Sometimes, both are necessary to sustain a stable foam.  It is unknown 
how the water-based polyurethane will react to the addition of a surfactant.  A simple and 
inexpensive (10 USD/100g) surfactant was investigated for use in this project: Sodium dodecyl 
sulfate (SDS.)  SDS was selected on the basis of price and availability.  Since it is not known 
how the surfactant will perform, an inexpensive option (SDS) will first be assessed.  
Experimentation is needed to determine the proper concentration of SDS solution to be added to 
the polymer.  If the bubbles are stable within the solution, it is predicted that they will be stable 
once the coating has dried.  Integration of the foaming process is outside the scope of this 
project, and will be reserved for future work and investigation. 
 
The second concept to create a permeable coating layer is by punching holes in the layer to allow 
for drainage once the polymer has been applied.  This concept stemmed from a US patent issued 
in 1980, describing a protective plastic coating with one-way valve like perforations [13.]  The 
perforations are sized so that moisture within the underlying material can escape, but rainwater 
cannot pass through to rot the material.  The concept of perforations will be considered as 
permeability of the polymer layer is considered.  This research project proposes the investigation 
of the properties of polyurethane coatings on clayey silicate rocks in order to test the feasibility 
of such a solution in the realm of slope stabilization and weathering prevention.  The 
permeability of the polymer coating will be considered after initial testing of the polyurethane 
has been completed and results verified feasible.   
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Laboratory Testing and Methods 
Rock Sampling 
 
Weak rock samples were collected from two different locations along Route 33 in Virginia and 
West Virginia. These locations are shown in Figure 6 below. 
Figure 6:  Sample collection sites with location coordinates 
The locations for sampling were selected on the basis that the rocks were identified as shales and 
mudstones, for RT33-002 and -003 respectively.  Shales and mudstones are two notoriously 
weak rocks types.  Also, these locations were selected because they are representative of a 
layered cutslope with both strong and weak rock layers.  It was hypothesized that samples from 
these locations would provide weak rocks similar to those involved with undercutting induced 
rockfalls.  Images of the two sampling locations with GPS coordinates, geologic formation, and 





Figure 7: RT33-002 sampling location 
Site ID: RT33-002 
GPS Location: 38.6341670, -79.2308330 
Geologic Formation: Millboro 
Lithology: Shale 
 
Figure 8: RT33-003 sampling location  
Site ID: RT33-003 
GPS Location: 38.5883330, -79.1677780 
Geologic Formation: Hampshire 
Lithology: Mudstone 
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Rock Characterization and Behavioral Observation 
X-Ray Diffraction (XRD) 
Next, each of the samples were characterized by x-ray diffraction.  This was done in order to 
determine the mineral composition of each sample and confirm that these rocks are in fact weak 
shales and mudstones.  X-rays are just below the visible light spectrum and range from .01-10 
nm, meaning x-rays are high energy, high frequency, and short wavelength. Minerals have 
unique atomic crystal lattices or arrangements, which can diffract x-rays in order to determine 
the chemical composition of the mineral.  Each mineral has characteristic d-spacing, but in order 
to determine the true composition there must be enough d-spacings or peaks to form a fingerprint 
of the mineral present.  The fingerprint is used by a match search database that can correctly 
identify the phase identity, phase purity, or percent phase composition of the sample.  The 
computer returns a graph, showing peaks that indicate a miller index matched to a known 




1. Acquire samples 
2. If samples are too large to grind, use mill to get to a grindable state 
3. Grind sample with pestle and mortar until a very fine powder 
4. Place metal sample holder face down on glass plate. 
5. Pile ground sample in the hole of sample holder until packed tightly 
6. Place metal backing plate clip on sample holder 
7. Rotate at least at a 45 degree angle to make sure sample is compact 
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8. Log in XRD book to keep track of when this trial occurred 
9. Place in XRD and analyze 
10. Clean equipment 
 
XRD Analysis  
1. Set up computer program 
2. Open shutters 
3. Set sample angle range and run time 
4. Run sample 
5. Transfer data to auto search chemical composition with the International Center for 
Diffraction Database (ICDD) and Joint Committee on Powder Diffraction Standards (JCPDS.) 
 
Jar Slake Test 
A jar slake durability test was conducted for each sample type.  The purpose of this test was to 
observe the effect of a 24-hour water submersion on rock samples.  The results indicate the 
relative strength of the rock in an aqueous environment.  This is important in understanding how 
the rock might break down naturally, and provides a good baseline of the durability of the 
samples. [6] 
 
The samples used were approximately 50g each, completely submerged by at least 1 inch of 
water.  Specimens were observed at frequent intervals for the first 30 minutes, and after 24 hours 
the final observations were made.  The following scale (Table 3) was used to categorize the 
behavior of the samples, once submerged [6.] 
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Table 3: Jar Slake Durability scale for categorizing behavior of shales [6] 
Category Behavior 
1 Degrades to pile of flakes or mud 
2 Breaks rapidly and/or forms many chips 
3 Breaks slowly and/or forms many chips 
4 Breaks rapidly and/or develops few fractures 
5 Breaks slowly and/or develops few fractures 
6 No changes 
 
Initial (Uncoated) and Polyurethane Coated Rock Testing 
24 Hour Absorption: ASTM §D6473 - 10 
The purpose of absorption testing is to determine the susceptibility of rock samples to water 
influx, resulting in increased mass.  Ideally, the polyurethane coating will result in reduced 
absorption and mass increase.  This will be achieved by first completing a set of baseline 
absorption tests of uncoated rock samples.  These values will then be compared to the results of a 
set of comparison tests in which the rock samples have been coated with polyurethane.   
 
Rock samples were cut to a minimum of 1kg (2.2lb) in mass.  These values were recorded as 
initial masses for each trial.  Each specimen was air-dried and placed in water between 20 and 
30°C for 24± 4hr.  After 24 hours elapsed, the specimens were removed from the water and 
toweled dry to remove any visible films of water.  The specimens were weighed again to obtain a 
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final mass value for each trial. [3] These recorded mass values were then used to calculate the % 
absorption of the samples, using Equation 1.  
 
absorption, % = [(B - A)/A] × 100     Eq. 1 
 
Where A= mass of air-dried test specimen, g, 
 B= mass of saturated-surface dry test specimen, g 
 
As previously stated, this experiment was replicated for the polyurethane-coated samples for 
comparison.  A similar process was also applied to the next experiment, the slake durability test.   
Slake Durability Index (SDI): ASTM §D4644 - 08 
The purpose of the slake durability test described in this section is to determine how weak the 
rock samples are and how well they are able to resist erosion.  In this test, erosion is simulated by 
two wetting cycles and abrasion.  This test requires the use of a slake durability device.  This 
device was made available through the James Madison University Department of Geology and 
Environmental Science.  A schematic of the durability device is shown below, Figure 9. 
 
 
Figure 9: Slake durability device, showing critical dimensions [2] 
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Each trial required ten intact and roughly equidimensional shale fragments that weigh between 
40 and 60 g each.  The total test specimen for each trial weighed between 450 and 550 g.  The 
specimens were oven-dried at 110°C for 24 hours before the first slake cycle.  The trough was 
filled with room temperature distilled water to a level 20mm below the drum axis (see Figure 9.)  
The specimens were loaded into the drum and were rotated at 20 rpm for 10 minutes.  The 
specimens were removed and again oven-dried for 24 hours.  An oven-dried mass was obtained 
for the first cycle, and the process was repeated for a second slake cycle. [2] Photographs were 
taken at each stage to show deterioration, as the slake durability index is not always 
representative of the true durability of the specimen.  The mass values recorded throughout the 
trial were then used to calculate the slake durability index (second cycle), using Equation 2. 
 
Id(2) = [WF/B] × 100      Eq. 2 
 
Where Id(2) = slake durability index (second cycle), 
 B = mass of oven-dried specimen before the first cycle, g 
 WF = mass of oven-dried specimen retained after the second cycle, g 
 
The SDI values range from 0 to 100, as they are representations of the percentage of 
material/rock retained after two tumbling cycles.  In addition to the calculation of SDI values for 
each trial, a description of the rock fragments after the second cycle was recorded.  As previously 
stated this method was conducted first as a baseline test, and again after the samples had been 




Rock Characterization and Behavioral Observation 
X-Ray Diffraction (XRD) 
The results for the RT33-002 samples are below, Figure 10.  
Figure 10: XRD Results for RT33-002 
 
The results show a dramatic spike in quartz, SiO2, indicating the main mineral composition of 
the sample.  Additional peaks of muscovite, KAl2(AlSi3O10)(F,OH)2, and Illite, which is the 
breakdown of muscovite. Feldspar and its breakdown, Kaolinite, are very common clay minerals 










XRD results for RT33-003 are below, Figure 11.  The results again indicate that the sample is 
composed mainly of SiO2,  silicon dioxide and muscovite, KAl2(AlSi3O10)(F,OH)2.  
Figure 11: XRD Results for RT33-003 
 
The XRD results determined the mineral composition of both samples.  The fingerprints 
represented by large spikes in the graph indicate a silicate base for each rock type.  These results 








Jar Slake Durability 
Three trials were conducted for each sample type.  When subjected to the jar slake durability test, 
each rock type behaved similarly overall.  The results for RT33-002 are below in Table 4.   
Table 4: Uncoated RT33-002 Results of Jar Slake Durability 
Trial Behavior (24 Hours) 
1 6- No changes 
2 6- No changes 
3 6- No changes 
 
The RT33-002 samples displayed no deterioration, cracking or changes whatsoever.  These 
results indicate that the samples collected from site RT33-002 are inherently strong shales.  This 
could also be due in part to the mainly silicate composition.  The results for site RT33-003 are 
below in Table 5.  
 
Table 5: Uncoated RT33-003 Results of Jar Slake Durability 
Trial Behavior (24 Hours) 
1 6- No changes 
2 5- Breaks slowly and/or develops few fractures 
3 5- Breaks slowly and/or develops few fractures 
 
The results indicate that the samples collected from site RT33-003 are slightly stronger than 
those collected from RT33-002.  Small fractures developed throughout the 24-hour period.  This 
makes RT33-003 samples more desirable for this feasibility study, due to their slightly weaker 
nature.  
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Initial (Uncoated) Rock Testing 
24 Hour Absorption 
This section investigates results from the uncoated rock testing.  At the conclusion of the 24 hour 
time period, the samples were removed and weighed.  It should be noted that only 1 trial was 
conducted for the RT33-002 rock samples.  This decision will be discussed in greater detail in 
the next section of this report (Slake Durability Index (SDI).)  The result is below in Table 6.    
 
Table 6: Absorption results for uncoated RT33-002 sample 
Trial # Initial Mass- air dried (g) Final Mass (g) Absorption, % 
1 1226.07 1239.91 1.129% 
 
Table 7 below shows the results for the uncoated RT33-003 samples.  The mean absorption was 
0.85%, with a standard deviation of 0.70%.  The uncertainty due to measurement error was 
calculated to be ±0.012%, as calculated in Appendix B of this report.  
 
Table 7: Absorption results for uncoated RT33-003 samples 
Trial # Initial Mass- air dried (g) Final Mass (g) Absorption, % 
1 1392.24 1415.29 1.656% 
2 1055.5 1061.09 0.530% 
3 1037.16 1040.96 0.366% 
 
µ = 0.851% 
σ = 0.702% 




Slake Durability Index (SDI) 
After the second slake cycle and oven dry, the samples were weighed a final time.  The SDI 
results for uncoated RT33-002 samples are shown below in Table 8. 
 



















1 434.53 431.27 429.89 98.93 
2 502.67 499.98 498.05 99.08 
3 511.97 508.25 505.52 98.74 
 
µ = 98.92 
σ = 0.17 
Uncertainty, ± = 0.029 
 
The results for the RT33-002 samples validate the jar slake durability result from the previous 
section.  The shale samples collected at this location are extremely strong, as they returned SDI 
values of 98.92 ± 0.03, with a standard deviation of 0.17.  The strength of the RT33-002 samples 
makes them less applicable to this project.  Their durability also presented challenges in the 
sample preparation process.  The collected samples proved extremely difficult to cut with the 
rock saw.  Due to the sheer number of samples necessary for testing and the viability of the 
RT33-003 rocks, continuing to use RT33-002 is unnecessary for the completion of this project.   
 
Table 9 is populated with the SDI results for the uncoated RT33-003 samples.    
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1 538.94 517.58 495.66 91.97 
2 459.51 449.25 439.22 95.58 
3 449.93 441.92 432.71 96.17 
 
µ = 94.58 
σ = 2.28 
Uncertainty, ± = 0.029 
 
The average SDI value was 94.58 ± 0.03, with a standard deviation of 2.28.  These results show 
that the RT33-003 samples are weaker than RT33-002, and prove to be a better representative of 
a weak shale.  It should be noted that although the SDI results were lower than RT33-002 
samples, the average SDI value of 94.58 still indicates a strong rock.  As previously stated, 
photos were taken at various stages throughout the SDI testing process.  A large SDI value is not 
necessarily indicative of a strong rock, as the mass retained does not describe the fractured state 
of the sample.  For example, Figure 12 on the next page shows uncoated RT33-003 samples 




Figure 12: Uncoated RT33-003 samples before and after SDI testing 
 
As seen in Figure 12, the samples have been eroded and weathered, but the SDI value is over 90.  
For this reason, observation of the samples is essential to determining the true impact of 
simulated weathering and erosion.  The photos for each trial are provided in Appendix C of this 
report.  These photos are provided to comply with the ASTM standard used in durability testing. 
Polyurethane Coated Rock Testing 
The same procedures were repeated for rocks dip-coated in the polyurethane.  The results for 24 
Hour Absorption and SDI are discussed below.  
24 Hour Absorption 
At the conclusion of the 24-hour time period, the samples were removed and weighed.  Table 10 






Table 10: Absorption results for coated RT33-003 samples 
Trial # Initial Mass- air dried (g) Final Mass (g) Absorption, % 
1 982.77 984.29 0.155% 
2 1072.2 1073.78 0.147% 
3 1023.45 1025.66 0.216% 
 
µ = 0.151% 
σ = 0.005% 
Uncertainty, ± = 0.014%  
 
The average absorption value for the coated samples was 0.151± 0.014%, with a standard 
deviation of 0.005%.   
Slake Durability Index (SDI) 
The SDI results for the coated RT33-003 samples are below in Table 11.  
 



















1 472.84 472.84 472.48 99.92 
2 430.04 429.90 429.49 99.87 
3 456.53 456.36 455.95 99.87 
 
µ = 99.89 
σ = 0.03 
Uncertainty, ± = 0.031 
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The average SDI value was 99.89 ± 0.03, with a standard deviation of 0.03.  These values 
indicate that the polymer coating strengthened the samples.  Images of the samples before and 
after SDI testing show that there was significantly less deterioration, and hardly any loss of mass 
during the experiment.  This is shown below, Figure 13.  
 
 





This section discusses the differences between the results of the uncoated and coated samples for 
both absorption and SDI testing.  Absorption values for each trial are plotted on Figure 14, 
below.  The large standard deviation in the uncoated samples causes a dramatic effect on the 
graph, but there is still a slight difference in the smallest %mass value for uncoated samples and 
the largest value for the coated samples. 
 
Figure 14: Absorption result comparison: RT33-003 uncoated and coated samples 
 
The SDI results are a little less variable, with standard deviations of 2.28 and 0.03 for the 
uncoated and coated trials respectively.  Figure 15 shows a comparison between the uncoated 
and coated samples.  
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Figure 15: SDI result comparison: RT33-003 uncoated and coated samples 
 
As previously stated, differences in the samples are also assessed by observation.  The more 




The purpose of this feasibility study was to compare the weathering and erosive properties of 
both uncoated weak rock samples, and rock samples coated with a weather-resistant thermoset 
polymer: polyurethane.  It was hypothesized that a thin coating of the polyurethane polymer 
would result in changes to the properties of absorption and erosion/weathering resistance of 
silicate-based rock samples.  Data was obtained through 24-hour water absorption tests and slake 
durability testing to measure % mass increase and slake durability index (SDI) values.  Uncoated 
samples absorbed an average of 0.850±0.012%, and coated samples an average of 0.151± 
0.014%.  The average SDI value for uncoated rocks samples was 94.58 ± 0.03, and the average 
SDI for the coated samples was 99.89 ± 0.03.  These results indicate a slight decrease in 
absorption (%mass) and an increase in SDI values of the samples.  The polyurethane coating has 
passed initial feasibility tests.  Intended future work will consider the permeability of the 




As previously discussed, the next phase of this project will deal directly with the permeability of 
the polyurethane coating.  There are several methods by which this can be achieved.  The most 
promising method to investigate is the addition of a surfactant, Sodium dodecyl sulfate (SDS), to 
create polyurethane foam.  The Critical Micelle Concentration (CMC) of SDS in pure water is 
about 8.2mM.  The CMC is the concentration above which micelles are formed and continue to 
form.  Micelles are essential to the stability of the foam.   It is unknown how the surfactant will 
react with polyurethane, so experimentation will be necessary to determine the best ratio of 
surfactant to solution.  Experiments with 2x, 4x, 8x, and 16x the CMC concentration will be 
attempted to ensure proper foamability with the presence of the urethane.   
 
Additional work may also include the acquisition of different rock samples that are more 
representative of weak and highly erodible shale.  Investigating the impact of the polymer 
coating on rocks with lower SDI values will be more indicative of its potential to slow 
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Appendix A: Data Sheets for Polymer Options 





























Appendix B: Uncertainty Calculations for Absorption and SDI Results 
The method used to calculate uncertainty is the Root Sum Squared (RSS) uncertainty formula.  
This method takes into account the uncertainty of each variable in the equation of concern.  This 
is done by taking the partial derivative of the entire equation with respect to each variable and 
multiplying each by its own uncertainty.  Each term is then squared and summed, before taking 
the square root to obtain the uncertainty for the entire equation.  This process is shown below for 
both the absorption and SDI test results discussed in this report. 
 
Absorption 
The main equation of concern is Equation B1, calculation of absorption % by mass. 
 
absorption, % = [(B - A)/A] × 100    Eq. B1 
 
Where A= mass of air-dried test specimen, g, 
 B= mass of saturated-surface dry test specimen, g 
 
The RSS method involves the taking the partial derivative of Equation B1 with respect to each 
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As previously discussed, the derivatives are multiplied by the individual uncertainty of each 
variable, squared, and summed.  The square root of this value is the uncertainty for the equation 
of concern, Equation B1.  Equation B4, below, shows this process. 
 






)!  Eq. B4 
 
The values in Table B1 and B2 show the uncertainty for absorption testing based on the 
uncertainty of the scale used to mass the samples.  The scale was Sartorius CPA 6202S, and from 
observation there was a fluctuation of about 0.1g while massing the samples.  These values were 
used throughout the uncertainty calculations for both absorption and SDI.  
 
Table B1: Uncertainty calculation for absorption test of RT33-003, Uncoated 
Trial δ/δB δ/δA ωB ωA ωAbsorp. 
1 0.00072 -0.00073 0.1 0.1 0.010% 
2 0.00095 -0.00095 0.1 0.1 0.013% 
3 0.00096 -0.00097 0.1 0.1 0.014% 
Average Uncertainty ± 0.012% 
 
Table B2: Uncertainty calculation for absorption test of RT33-003, Coated 
Trial δ/δB δ/δA ωB ωA ωAbsorp. 
1 0.00102 -0.00102 0.1 0.1 0.014% 
2 0.00093 -0.00093 0.1 0.1 0.013% 
3 0.00098 -0.00098 0.1 0.1 0.014% 






The exact method was used to calculate the uncertainty for the SDI results.  Equation B5 is now 
the equation of concern: 
 
 Id(2) = [WF/B] × 100     Eq. B5 
 
Where Id(2) = slake durability index (second cycle), 
 B = mass of oven-dried specimen before the first cycle, g 
 WF = mass of oven-dried specimen retained after the second cycle, g 
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Eq. B7 
 








)!    Eq. B8 
 
The values in Table B3, B4, and B5 show the uncertainty for SDI testing based on the 
uncertainty of the scale used to mass the samples.  
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Table B3: Uncertainty calculation for SDI test of RT33-002, Uncoated 
Trial δ/δWF δ/δB ωWF ωB ωId(2) 
1 0.00230 -0.00228 0.1 0.1 0.032 
2 0.00199 -0.00197 0.1 0.1 0.028 
3 0.00195 -0.00193 0.1 0.1 0.027 
Average Uncertainty ± 0.029 
 
Table B4: Uncertainty calculation for SDI test of RT33-003, Uncoated 
Trial δ/δWF δ/δB ωWF ωB ωId(2) 
1 0.00186 -0.00171 0.1 0.1 0.025 
2 0.00218 -0.00208 0.1 0.1 0.030 
3 0.00222 -0.00214 0.1 0.1 0.031 
Average Uncertainty ± 0.029 
 
Table B5: Uncertainty calculation for SDI test of RT33-003, Coated 
Trial δ/δWF δ/δB ωWF ωB ωId(2) 
1 0.00211 -0.00211 0.1 0.1 0.030 
2 0.00233 -0.00232 0.1 0.1 0.033 
3 0.00219 -0.00219 0.1 0.1 0.031 




Appendix C: Data Sheets and SDI Photos 
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Standard Test Method for Slake Durability of Shales and Similar Weak Rocks 
D4644 - 08 
Photos were taken for each trial (one after each oven dry.)  The following ID system was used:  
Rock Type_ Trial #_ Photo #.  Labeled images have been provided in this Appendix, following 




















































































































































































































































































































































































































These images are included to comply with ASTM standard D4644 -08, used to test the durability 
of the samples.   
RT33-02 (Uncoated) 
RT33-02_01_01  
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RT33-02_01_02 
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RT33-02_02_01 
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RT33-02_03_01 
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RT33-03 (Uncoated) 
RT33-03_01_01 
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RT33-03_01_02 
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RT33-03_02_01 
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RT33-03_03_01 
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RT33-03 (Coated) 
RT33-03DC_01_01 
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RT33-03DC_01_02 
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RT33-03DC_01_03 
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RT33-03DC_02_01 
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RT33-03DC_02_02 
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RT33-03DC_02_03 
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RT33-03DC_03_01 
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RT33-03DC_03_02 
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RT33-03DC_03_03 
 
 
